Background. Households affected by HIV/AIDS are at an increased risk for food insecurity and malnutrition. Poor nutrition contributes to more than a third of all deaths associated with infectious diseases among children under 5 years of age in developing countries. With increased household food insecurity, and a greater disease burden associated with HIV/AIDS, the growth of children under five could be impacted, resulting in increased malnutrition for this vulnerable group.
Introduction
The World Health Organization (WHO) estimates that about 40 million people living with HIV/AIDS are at increased risk for food insecurity and malnutrition [1] . High levels of malnutrition are prevalent in most parts of Africa, negatively impacting the health status of local populations. Food insecurity is common as a result of multiple factors, including poverty, drought and the resulting famine. The food insecurity situation in Africa has been compounded by the onset of the HIV epidemic. With increased ill health, there is a reduction in household labor, resulting in unfavorable changes in agricultural practices, including decreases in the area cultivated for food and shifts to crops that are less labor-intensive. Poverty, malnutrition, and household food insecurity are therefore likely consequences of poor health [2] . The Food and Agriculture Organization estimated that food production and consumption have declined by as much as 40% in households affected by HIV/AIDS due to illness and death [3] .
Food security is the secure access by all people at all times to enough food for a healthy, active life [4] . Food security exists when all people have physical, social, and economic access to sufficient safe and nutritious food to meet their dietary needs and food preferences for an active and healthy life [5] . Three distinct variables are essential for the attainment of food security: availability of adequate amounts of appropriate food to the individual on a consistent basis from local resources or imports; food access, or the ability of the individual to obtain the required types and amounts of food to maintain adequate diet and nutrition levels; and food utilization, the correct use, processing, and storage of food and proper nutrition, child care, and sanitation [6] .
Children's growth status is closely linked to access to health services and child-care practices. In addition, it can be used as an indirect indicator of household food security [7] . Poor nutrition accounts for about 35% of the disease burden in children under the age of five [8] . With increased household food insecurity, there is a likelihood that the growth of children under five could be impacted negatively, resulting in increased malnutrition for this vulnerable group [9] . Food insecurity results in adverse nutritional consequences in HIV-affected children. Affected children are at risk for poor nutrition as a result of being HIVinfected themselves and/or as a result of declines in food security due to being orphaned or living in HIVaffected households [10] . Assuming that HIV-affected households have greater food insecurity, it is likely that children under five in these types of households would be more stunted, wasted, and underweight than underfive children living in non-HIV-affected households. Undernutrition would therefore be a consequence of food insecurity and disease.
The aim of this study was to determine whether there is an association between the type of household (HIV-affected compared with HIV-unaffected) and the nutritional status of children under 5 years of age residing in these households. For the purpose of this study, an HIV-affected household was defined as one in which a member of the household was infected with HIV, or a household that was fostering a child whose parents have died, likely due to AIDS and who may be themselves affected by HIV. We compared the levels of stunting, underweight, and wasting among children under five living in the two types of households. This study had three research hypotheses. First, that residing in HIV-affected households was associated with more stunting among children under 5 years of age compared with children residing in non-HIVaffected households. The anthropometric indicator of height-for-age was used as a proxy for chronic food insecurity (stunting). Second, that residing in HIVaffected households was associated with more wasting among children under 5 years of age compared with children residing in non-HIV-affected households. The anthropometric indicator of weight-for-height, which measures recent weight loss (wasting), was used as a crude proxy for transitory food insecurity. Third, that residing in HIV-affected households was associated with more underweight among children under 5 years of age compared with children residing in non-HIVaffected households. This was captured by the weightfor-age (underweight) indicator [11] .
Methods

Study setting and design
The study was conducted in Sauri Village in western Kenya from August to October 2006, at the beginning of the planting season. Sauri was the first Millennium Village set up in August 2004 as part of an initiative of the Earth Institute of Columbia University's Millennium Villages Project (MVP). The MVP is currently operating in 14 rural sites in 10 countries in sub-Saharan Africa and is attempting to demonstrate that the Millennium Development Goals can be reached within 5 to 10 years with a package of integrated interventions adding up to $60 per person per year. The MVP works with rural communities, local governments, and multidisciplinary teams of scientists and development experts in nutrition and health, agriculture, economics, and environment to apply a proven holistic package of interventions to move African villages out of extreme poverty. The interventions include practical, proven inputs into increased food production, access to healthcare, primary education, water, infrastructure, and business development. The other 13 Millennium Villages are located in Ethiopia, Ghana, Kenya, Malawi, Mali, Nigeria, Rwanda, Senegal, Tanzania, and Uganda. The areas were selected to characterize agroecologic zones in sub-Saharan Africa that are representative of 93% of the agricultural land area in sub-Saharan Africa and the homes of 90% of the agricultural population. Each Millennium Village is located in a reasonably well-governed and stable country and in a hunger hotspot, an area with the highest rates of rural poverty and hunger, as identified by the UN Millennium Project.
Sample selection
The Sauri MVP baseline dataset [12] was used to identify households to include in the study. Households were drawn from 11 Sauri sublocations. An a priori minimum total sample size of 128, with at least 64 in each group, was calculated as necessary to determine significance at an alpha level of .05, an effect size of 0.5, and a desired statistical power level of 0.8. Two sampling methods were used to select two groups of eligible study participants from the households ( fig. 1) .
In the first group, subjects were drawn from HIVaffected households. HIV-affected households were defined as households having either an orphan child or a self-identified HIV-positive adult. These households were selected in two ways. First, households with orphans were identified by consulting the Sauri MVP baseline database [12] . Second, adults who were HIV-positive and were part of a social support group in the village were invited to participate in the study, and their households were therefore included in the study.
Households with children under 5 years of age in this group were then identified.
The second group consisted of households not identified as affected by HIV. These households were used as the control group. Stratified random sampling was used to select these households. First, any households that were included in group 1 (HIV-affected category) were excluded from the sampling pool. The Sauri Village baseline database was also examined for households that were not included in group 1 but that nevertheless displayed proxies for HIV, such as having orphaned children or a family member being chronically ill for at least 3 months in the last 6 months. These households were excluded from the sampling pool. From the remaining sample, households were randomly selected by picking every third household in the list of households in each of the 11 sublocations. Households in this category were oversampled to allow for exclusion of households with HIV-positive subjects or other proxies for HIV found during the data collection phase. Households in this group that had children under 5 years of age were identified and included in the final sample.
Household heads or other responsible adults were asked to sign consent forms giving their approval for the sampled children in both groups to take part in the study. The study was approved by the Columbia University Ethics Committee.
Data collection
Household assets and characteristics
Demographic data and data on household assets and characteristics were collected by interviewing the household head or other responsible adult in the home. The respondents were asked to identify the sex of the household head and to describe the amount of land owned and cultivated for food, the number of household members, and the number of rooms in the family house.
Age and anthropometric data
Age and anthropometric data, including length/height and weight, were obtained from the eligible children under 5 years of age using standard procedures [13] . Data were collected at home in the presence of the child's parent or adult guardian. The enumerators worked in four teams of two enumerators each. Data for each child were collected as described below.
The age of the child was determined by asking the parent or guardian to recall the day, month, and year of birth. In order to corroborate the accurate age of the subjects, one of the enumerators recorded the date of birth as reported by the parent while the second enumerator calculated the age of the child in months. The date of birth was also confirmed by examining birth certificates and medical clinic cards, where available.
Weight and length/height measurements were obtained with the use of WHO Anthro (2005) standardized techniques and appropriate equipment. Measurements were taken independently by each of the two enumerators, and the mean values were used in this study.
The child's weight was measured with a Seca 881 digital scale. For children below 24 months of age, the parent and child were weighed simultaneously. The scale was placed on a flat, even surface. Extra clothing was removed from the child, the parent was asked to stand on the scale while holding the child, and the weight of the parent and child was recorded to the nearest 0.1 kg. The child was then passed to a nearby person, and the weight of the parent was recorded. The difference between the first and the second weight was calculated and recorded as the weight of the child. Children older than 24 months were asked to remove extra layers of clothing, such as jackets and shoes, and stand on the scale in an upright position. The child's weight was then read and recorded. For children below 24 months of age, length was measured with the Shorr Infant/Child/Adult Height-Length Measuring Board. The board was placed flat on a hard level surface and the child was laid on the board with the help of the mother or other guardian to keep the child calm. The child lay in the center of the board with the head against the base of the board and the footpiece firmly against the child's heels. Length was measured to the nearest 0.1 cm.
For children between 24 and 60 months of age, height was measured with the Shorr Infant/Child/Adult Height-Length Measuring Board. The board was placed upright on a hard, level surface. The child was asked to stand erect directly below the headboard, looking ahead, with feet together, knees straight, and heels, buttocks, and shoulder blades in contact with the vertical surface of the board. The movable headboard was then lowered to touch the crown of the head. Height measurements were read directly from the board to the nearest 0.1cm.
Statistical analysis
The nutritional status of children under 5 years of age living in HIV-unaffected households was compared with that of children living in HIV-affected households. The HIV-affected households were then further divided into the subcategories of households with orphans only, households with HIV-positive adults only, and households with both orphans and HIV-positive adults and again compared with HIVunaffected households.
All data were analyzed with WHO Anthro (version 3.1, June 2010) and SPSS (version 16.0 for Windows). Data were entered into the Anthro program for calculation of z-scores. Proportions, means, and standard deviations were used to describe the data, as appropriate. The data were analyzed with the use of the chi-square test for comparison of proportions and the independent t-test for the comparison of means for normally distributed data. Extreme z-scores, i.e., ≤ -5 or ≥ 5, were considered likely to be measurement or data errors and were therefore excluded from the data analysis.
Results
In total, 135 households were recruited into the study. These households were divided into two groups. Group 1 consisted of 72 HIV-affected households. In this group, 32 households had orphans, 14 households had self-identified HIV-positive adults, and 26 households had both orphans and self-identified HIV-positive adults. In total, there were 102 children under five in the sample of HIV-affected households. Of these, 43 were in households with orphans, 24 were in households with self-identified HIV-positive adults, and 35 were in households with both orphaned children and HIV-positive adults. Group 2 consisted of 63 HIVunaffected households. This group of households had a total of 99 children under five. In total, 201 children under five were included in groups 1 and 2 (tables 1 and 2).
There were no significant differences between the groups in the size of land cultivated for food, the number of household members, or the number of rooms in the house. However, the proportion of femaleheaded households was significantly higher for HIVaffected than for HIV-unaffected households (41% vs 8.3%, p = 0.00) (table 3) .
Overall, according to the WHO classification for assessing severity of malnutrition by prevalence ranges among children under 5 years of age [14] , the children in this study had low levels of stunting, defined as height-for-age < -2 SD z-score (17.4%); underweight, defined as weight-for-age < -2 SD z-score) (4.5%); and wasting, defined as weight-for-height < -2 SD z-score (1%). Children living in HIV-affected households had a significantly higher prevalence of stunting (25.5%) than children in unaffected households (9.1%) (p = .002). Similarly, children in affected households had more 
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Nutritional status of children in HIV-affected households severe stunting, with 9.8% (p = .001) of children being < -3 SD z-score, compared with 0% in unaffected households. The prevalence rates of wasting and underweight did not significantly differ between the two types of households (table 4) .
Comparing household subcategories
The nutritional status of children under five was compared among four household subcategories: HIV-affected households with orphans only, HIVaffected households with HIV-positive adults only, HIV-affected households with both orphans and HIV-positive adults, and HIV-unaffected households. The degree of stunting was significantly different in the various households. On the basis of the WHO classification [14] , the prevalence of stunting was very high in households with HIV-positive adults (41.7%), medium in households with orphans only (20.9%), and low in households with HIV-positive adults and orphans (20.0%) and in unaffected households (9.1%). When multiple comparisons were done with the use of the Tukey post hoc test, the two subcategories that were significantly different in stunting levels were households with HIV-positive adults compared with those with HIV-unaffected households (p = .0001) and households with HIV-positive adults compared with those with orphans (p = .013). Although the data indicated that the prevalence of underweight was 12.5% in households with HIV-positive adults, 4.7% in households with orphans, and 4% in unaffected households, there were no significant differences in the underweight status of children in these subcategories. There were also no differences in wasting status between the four subcategories of households (table 5).
Age differences and household types
The prevalence of stunting among children aged 24 to 60 months was significantly higher in those living in HIV-affected than in those living in HIV-unaffected households (24.2% vs. 7%). There were no significant differences in the prevalence of wasting and underweight among the different age groups in the two household types (table 6 ).
Discussion and recommendations
The children under five in this study were more stunted, underweight, and wasted based on the WHO reference standards, indicating that they probably had experienced both acute and chronic food insecurity. This result was expected, as Sauri Village was selected for inclusion into the MVP due to its location in a hunger hotspot, as defined in the 2005 UN Millennium Project Hunger Task Force report [15] , and was beset by malnutrition and poor health [16] . An interesting finding was that residing in HIVaffected households was associated with a higher prevalence of stunting among children under five compared with children in HIV-unaffected households. Since stunting measures chronic food insecurity, this suggests that the children in HIV-affected households may have had insufficient nutrition, chronic illness, and infections such as tuberculosis or other conditions that could have negatively impacted their growth over the long term, compared with children in HIV-unaffected households. Although there were no significant differences in ownership of land and house size between the two groups, it is worth noting that more HIV-affected households than HIV-unaffected households were headed by women. Cultural traditions, such as widow inheritance and limited control of family assets by such widows, may be associated with children's well-being in such households. It is also likely that resources that would have been directed to providing adequate nourishment for the children in HIV-affected households were diverted to manage the effects of HIV/ AIDS, such as paying for healthcare for sick family members, including the children themselves. It is also probable that the adults responsible for providing for the family were less productive because of illness and therefore provided less food for the family. In some cases, food meant for children may have been directed to the sick family member in the hopes of improving his or her health, thus denying the children adequate nutrition [17] . Hence the decline in socioeconomic status brought about by HIV/AIDS probably resulted in malnutrition and food insecurity that affected the children under five more severely [18] [19] [20] . When household subcategories were analyzed further, children living in households with a self-identified HIV-positive adult had the highest levels of stunting, followed by those in households hosting an orphan, and finally by those in households with both an orphan and an HIV-positive adult. Although the adults in HIV-affected households were not asked to disclose whether they were suffering from full-blown AIDS or were just aware of their HIV status, it can be assumed that children living in households with a HIV-positive individual may have experienced higher food insecurity resulting from the effects of the illness on adult productivity. On the other hand, it was likely that households that hosted orphans did so because they had more resources to take up the extra burden of the orphaned children. Thus, it is not surprising that children living in households with orphans had lower stunting levels. A few studies have examined the nutritional status of orphans, with mixed findings. Some surveys have found that orphans who lost parents to AIDS tend to live in food-insecure households [20] [21] [22] . One study found that orphans were more wasted than nonorphans [23] , another study found that orphans were more stunted than nonorphans [24] , and a third study found no difference in nutritional status between orphans and nonorphans [25] . An analysis of 23 Multiple Indicator Cluster Surveys and Demographic and Health Surveys throughout sub-Saharan Africa found that orphans were not more malnourished than nonorphans [26] . Because of these mixed results, more studies of HIV-affected orphans that control for household characteristics are required. The finding of low levels of stunting among children living in households with both an orphan and a self-identified HIV-positive adult is interesting and unexpected and deserves further investigation.
As for other children, the nutritional needs of HIVaffected children are related to their age. Breastfeeding  TABLE 5 . Prevalence of stunting, wasting, and underweight in HIV-unaffected households and households with HIV+ adults and/or orphans is critical for infants, while complementary feeding and growth monitoring are important for toddlers. When analyzed for nutritional status according to the age of the children, the results indicated that stunting levels were moderately high in both types of households among children under 2 years of age: 27.5% in HIV-affected households and 11.9% in unaffected households. However, stunting levels declined rapidly among children between the ages of 2 and 5 years in unaffected households (7%) while increasing slightly in HIV-affected households (24.2%). These results indicate that children growing up in HIV-unaffected households were likely to improve their nutritional status as they grew older. It is likely that unaffected households had better food security and were therefore able to introduce appropriate complementary foods. This was unlikely, however, in HIV-affected households if the food security situation had further deteriorated, exposing the children in these households to chronic hunger. It is also likely that some children in affected households were themselves sick from HIV/AIDS, which slowed their growth. As demonstrated by this study and as expected in a food-insecure setting, malnutrition existed in children regardless of HIV impact. Future studies need to evaluate the extent to which undernutrition is exacerbated by HIV/AIDS, as well as which categories of HIV-affected children are most negatively impacted. Information is also needed on sociobehavioral factors contributing to undernutrition. Factors such as feeding practices, knowledge of caretakers, and difficulties in food acquisition that may differ between affected and unaffected households need to be investigated. This will enable programs to be developed that outline the strategies caretakers can use to feed HIV-affected children and address any barriers that may exist to providing adequate nutritional support in affected and unaffected households [10, 27] .
This study had some limitations. First, although children living in HIV-affected households are more likely to be HIV-positive themselves and hence to suffer from illness, including opportunistic infections such as tuberculosis, the HIV status of the children in this study was unknown. This was a major potential confounder and could account for a significant proportion of the observed stunting. Second, households were classified as HIV-affected on the basis of selfidentification by household members as HIV positive or from proxies such as having orphans or sick family members residing in the household. Households were not classified on the basis of a medical diagnosis of HIV infection in a family member. It is therefore likely that some households that were not actually HIV-affected were misclassified as affected. This may have created a bias toward households with healthy adults, not just all random households with HIV-negative adults. In addition, since self-declared HIV-positive adults formed part of the grouping criteria, diagnosis of HIV and the consequential disclosure in adults in this kind of setting mainly happens with persons with relatively advanced HIV, and this then likely biased the sample toward families where labor for food production and transmissibility of HIV to recently born children are already more adversely affected than would be for an average household with HIV-positive adults. Other confounders that could have influenced the results were the many interventions rolled out in the village by the MVP during the study period. Such interventions included distribution of fertilizer and improved seeds to farmers, provision of insecticide-treated bednets, de-worming, the construction of a clinic with a well-stocked pharmacy, and the introduction of a school feeding program in three of the village primary schools. The results we observed in this study could be associated to differential uptake of these interventions and their impacted on the children's growth, not just a difference in effect of HIV infection.
HIV testing services for both adults and children were available in western Kenya during the period of the study. Adult testing was mostly provided through Voluntary Counseling and Testing (VCT) centers, whereas children were mostly tested immediately after However, the children and adults in this study was not tested for HIV infection because of the high levels of stigma associated with infection that existed in this community during the period of the study. Insisting on testing as part of study enrollment probably would have discouraged participation because of people's fear of disclosure of their HIV status. Third, this was a cross-sectional study that captured the nutritional status of the children at one time point. We recommend that future longitudinal studies be conducted that can track the growth of children living in HIV-affected households over time. Fourth, the study results could have been influenced by confounding factors, such as seasonality, individual household wealth status, and number of children residing in the household, which were not controlled for. The finding of no differences between HIV-affected and -unaffected households in the degree of wasting and underweight among the children could also have been due to higher mortality among the sickest children. Furthermore, the data were collected during the planting season, when previous food harvest stocks may have been exhausted, which may explain the apparent lack of differences in wasting and underweight.
Conclusions
Living in an HIV-affected household was associated with more stunting among children under five. This was probably due to chronic undernutrition. There were, however, no differences in underweight and wasting status between children living in affected and unaffected households.
